We present the first results of an near-ultraviolet (NUV) survey of RR Lyrae stars from the Ultraviolet Optical Telescope (UVOT) aboard the Swift GammaRay Burst Mission. It is well-established that RR Lyrae have large amplitudes in the far-and near-ultraviolet. We have used UVOT's unique wide-field NUV imaging capability to perform the first systematic NUV survey of variable stars in the Galactic globular clusters M 3 and M 15. We identify 280 variable stars, comprising 275 RR Lyrae, two anomalous Cepheids, one classical Cepheid, one SX Phoenicis star and one possible long-period or irregular variable. Only two of these are new discoveries. We compare our results to previous investigations and find excellent agreement in the periods with significantly larger amplitudes in the NUV. We map out, for the first time, an NUV Bailey diagram from globular clusters, showing the usual loci for fundamental mode RRab and first overtone RRc pulsators. We show the unique sensitivity of NUV photometry to both the temperatures and the surface gravities of RR Lyrae stars. Finally, we show evidence of an NUV period-metallicity-luminosity relationship. Future investigations will further examine the dependence of NUV pulsation parameters on metallicity and Oosterhoff classification.
Introduction
RR Lyrae stars are moderate-mass horizontal branch (HB) stars with temperatures in the range of 6000-7600 K. These "cluster variables" have been studied for over a century and become a key part of both the cosmic distance ladder and our understanding of the astrophysics of pulsating stars (see review in Smith 1995) . Tens of thousands of RR Lyrae have been identified in the Milky Way, of which several thousand are in old globular clusters (Clement et al. 2001, hereafter C01) .
Since the early studies of Hardie (1955) and Baker & Baker (1956) , it has been known that RR Lyrae stars have exceptionally large pulsations in the ultraviolet (UV), with amplitudes of 2-8 magnitudes (Hutchinson et al. 1977; Bonnell et al. 1982; Guhathakurta et al. 1994; Downes et al. 2004; Wheatley et al. 2005 Wheatley et al. , 2012 Dieball et al. 2007 ; Thomson et al. 2010) . These exceptionally large pulsations are due to the RR Lyrae occupying a unique niche in temperature-surface gravity space, where their oscillations cause the UV flux to wax and wane dramatically. These large pulsations could allow unique insight into the underlying astrophysics. For example, the predicted UV fluxes of RR Lyrae stars at maximum and minimum light are very sensitive to the particulars of underlying atmospheric models (see, e.g., Wheatley et al. 2005) , with temperature sensitivity at the 100-200 K level. UV light also probes different regions of stellar atmospheres than optical light, allowing UV light curves to provide important constraint on hydrodynamical models of stellar pulsation, including the effect of shocks on the outer stellar envelope (see, e.g., Hutchinson et al. 1977; Bonnell et al. 1982) .
UV light curves could also improve the utility of RR Lyrae stars as distance indicators. Estimating distances to stellar populations using RR Lyrae stars is subject to a number of uncertainties that limit the precision of the method to about ±0.1 mag. However, the NIR passbands bypass the issues that complicate distance measures and provide more reliable and precise RR Lyrae-based distances (see, e.g., Bono et al., 2001; Del Principe et al. 2005; Sollima et al. 2006; Neeley et al. 2015) . The horizontal branch in the NIR is diagonal, producing a direct relationship between period, luminosity and metallicity. The horizontal branch is also diagonal in the NUV and FUV (Ferraro & Paresce, 1993 , Dieball et al. 2007 Sandquist et al. 2010; Schiavon et al. 2012 , Siegel et al. 2014 . A correlation between NUV color and magnitude indicates a correlation between stellar temperature and magnitude and, thus, a likely correlation between pulsational period and NUV magnitude similar to the one identified in the NIR. If such a relationship were proven, a metallicity and pulsation period for an RR Lyrae would yield its absolute magnitude independent of reddening. This would make RR Lyrae stars potent probes of local stellar populations and reddening, the latter of which is highly uncertain in the UV (see, e.g., Pei 1992) .
The most thorough surveys in the UV are those of Downes et al. (2004) , who presented partial light curves of 11 RR Lyrae in NGC 1852 using Hubble Space Telescope data and Wheatley et al. (2012) , who presented detailed light curves for seven field RR Lyrae using GALEX data. Both studies show remarkable high-amplitude pulsations of up to eight magnitudes in the FUV. To date, however, no study has presented detailed NUV or FUV light curves of RR Lyrae stars in a globular cluster. We now fill this gap with a survey of two Galactic globular clusters -M 3 and M 15 -that have rich populations of well-studied RR Lyrae stars and represent the two poles of Oosterhoff (1939) dichotomy.
M 3 (NGC 5272) has the most well-studied population of variable stars of any Galactic globular cluster. Indeed, one of the earliest indications that RR Lyrae stars have large UV pulsations was from the study of M 3 by Baker & Baker (1956) . C01 list 290 variable stars in M 3, 236 of which are RR Lyrae. These stars have been the target of decades worth of study, most recently by Kaluzny et al. (1998) , Carretta et al. (1998) , Bakos et al. (2000) , Corwin & Carney (2001) , Hartmann et al. (2005) , Cacciari et al. (2005; hereafter CCC05) and Benko et al. (2006) . These studies have detailed M 3's abundant family of RR Lyrae stars and shown it to be a paradigm -indeed the paradigm -of an Oosterhoff I (OoI) cluster, with a lower proportion of first-overtone RRc stars, shorter fundamental mode RRab periods and a shorter minimum RRab period. M 3 is often used as the baseline with which to measure the period-shift effect -the increase or decrease in the period of RR Lyrae stars in comparison to stars of equal pulsational amplitude (see Sandage 1981a Sandage , 1981b Carney et al. 1992) M 15 (NGC 7078) has also been studied extensively, as detailed in C01. Studies by Rosino (1950 Rosino ( , 1969 , Filippenko & Simon (1981) , Sandage et al. (1981) , Bingham (1984) , Silberman & Smith (1995) , Butler et al. (1998) Tuairisg et al. (2003) , Zheleznyak & Kravtsov (2003) and Corwin et al (2008, hereafter C08) have revealed a rich population of RR Lyrae stars that are a paradigm of a metal-poor Oosterhoff II (OoII) cluster, with a high proportion of RRc stars, longer RRab periods and a longer minimum RRab period.
While both these clusters have been studied exhaustively in the optical and infrared, neither of these clusters has been thoroughly studied in the UV. In this paper, we present the first thorough NUV catalog of the variable stars of these two clusters using data from the Swift Gammy-Ray Burst Mission's Ultraviolet-Optical Telescope (UVOT). Almost all of the variables studied are RR Lyrae stars, with a handful of other variable types also detected. Our analysis will therefore be focused on the RR Lyrae, investigating basic aspects of their pulsational properties and laying the groundwork for future investigations of additional clusters.
Observations and Data Reductions
The data presented in this analysis are entirely from the UVOT aboard the Swift mission (Gehrels et al., 2004) . UVOT is a modified Richey-Chretien 30 cm telescope that has a wide (17' × 17') field of view and a microchannel plate intensified CCD operating in photon counting mode (see details in Roming et al. 2000 Roming et al. , 2004 Roming et al. , 2005 . The instrument is equipped with a filter wheel that includes a clear white filter, u, b and v optical filters, uvw1, uvm2 and uvw2 ultraviolet filters, a magnifier, two grisms and a blocked filter. Although its primary mission is to measure the optical/ultraviolet afterglows of gamma ray bursts, the wide field, 2.
′′ 3 resolution, broad wavelength range (1700-8000Å) and ability to observe simultaneously with Swift's X-Ray Telescope (XRT; Burrows et al. 2005 ) allow a broad range of science, including the study of hot or highly energetic stars (Paper I). It is well-suited to the study of star clusters due to its field size and resolution.
Our light curves are derived from observations taken with UVOT's uvm2 filter, which has a central wavelength of 2246Å and a red leak from optical light of less than 0.19% (Paper I). This was chosen to minimize potential contamination from the optical to produce as clean an NUV light curve as possible (the uvw1 and uvw2 filters have optical sensitivities of 11% and 2.4%, respectively). 2014-10-16 observation. However, Swift's planning sometimes broke that observation up over two or more orbits, separated by some multiple of Swift's 96-minute orbital period. Observations that were not performed as part of the monitoring campaign were sometimes performed in modes that did not include uvm2. Additionally, some observations were curtailed or cancelled by gamma-ray bursts or high-priority targets or had trailed images. In the end, our analysis of M 3 is based on 85 individual uvm2 images and M 15 from 48 individual uvm2 images.
Photometry was derived using DAOPHOT/ALLFRAME (Stetson 1987 (Stetson , 1994 . The details of this process can be found in Paper I. To briefly summarize: we created individual images for each observation from the archival data downloaded from HEASARC, regenerating the exposure maps and large-scale sensitivity images for calibration. After running DAOPHOT on the individual fields, the images were then put through ALLFRAME to derive consistent deep photometry on all fields. We then calibrated the instrumental photometry to the standard system (Poole et al. 2008; Breeveld at al. 2010 Breeveld at al. , 2011 correcting for coincidence loss, variation in exposure time and large-scale sensitivity.
Figures 1 and 2 show the color-magnitude diagrams of M 3 and M 15, respectively. We should uvm2 − uvw1 on the left and uvw2 − uvw1 on the right. In both cases, we have only plotted stars with DAOPHOT SHARP parameters of 0.5 or less. SHARP is a structural parameter produced by DAOPHOT that measures the difference between the isophotal and peak magnitudes. We have found it to be the most effective means of identifying poor measures in UVOT data and, in these cases, it mostly excludes stars from the burned-in cores of the clusters.
The most visible features are the diagonal horizontal branches, with the RR Lyrae gap visible in the increased scatter around the HB locus. The faint haze of stars at the bottom of the CMD are mostly bright RGB and field stars detected by the red leak.
Light Curve Fitting
Variable stars were selected for light curve fitting using the variability index measured by the DAOMASTER code included with DAOPHOT. Any star with a photometric scatter more than three times the formal error was selected as a potential variable star. We further refined the list by only selecting stars with DAOPHOT SHARP values less than 0.5. This excluded many stars that were within the burned-in core of the cluster.
Our first pass at the light curves used the RRFIT code of Yang & Sarajedini (2012) , which fits the light curves using the light curve templates of Layden (1998) as well as those of Kovacs & Kupi (2007) . These templates are drawn from a sample of RR Lyrae stars and represent a wide variety of light curve shapes. The drawback of template-fitting is that it can be confused by second order variations such as the Blazhko (1907) effect or double-mode pulsation. It also may not be entirely appropriate to NUV data, which may have different light curve shapes than the optical data on which the templates are based. Finally, our search parameters only covered periods between 0.2 to 1.2 days, which would exclude most SX Phoenicis stars, Cepheids and long-period variables. Nevertheless, this provided a good first estimate of the periods and amplitudes for the vast majority of the variable stars in these two systems.
After preliminary fits were obtained with RRFIT, we ran each of our stars through IRAF's phase-dispersion minimization algorithm to both refine the period and provide an eyeball check on the fits. For almost all stars, the two methods agreed. For those where there was some disagreement due to multiple minima in the periodogram, we used the period with the lowest phase dispersion. For a handful of stars, neither method produced a satisfactory result.
After fitting the light curves based on UVOT data, we compared our results to the comprehensive C01 catalog of globular cluster variable stars. We pulled out for analysis any variable star candidates from C01 that had not been selected as variable star candidates from the UVOT data (either because their variability index was too low or their SHARP parameter too high) For most of these, we were able to fit periods and amplitudes using the UVOT data, both with template-fitting and with phase dispersion minimization.
Tables 2 and 3 provide the catalog of variable stars, with identification numbers taken from C01. Where we have identified new variable stars, we have added new identification numbers sequential to C01. The columns list C01 identification number, equatorial coordinates, periods, amplitudes and mean magnitudes derived from the UV OT data. The last two columns list the variability index and the SHARP parameter as calculated by DAOPHOT. Tables 4 and 5 give the Julian Dates, uvm2 measures and measurement uncertainties for the variable stars. Figure 3 shows the light curves for all of the RR Lyrae stars in M 3, ordered by increasing period. Figure 11 shows the light curves of the other variable stars measured in M 3 and Figure 12 shows the light curve of a possible long-period or irregular variable. Figures 13 shows the light curves for all of the RR Lyrae stars in M 15, ordered by increasing period. Figure 17 shows the light curves of the other variable stars measured in M 15.
One of the pitfalls of using previous catalogs to pull marginal detections out of the noise is that the light curves of such stars are less than ideal. UVOT's comparatively coarse resolution means that stars in the cores of globular clusters frequently have their light blended with that of nearby stars. This tends to increase the magnitudes and dampen the amplitudes of any pulsations, muddying the correlations between pulsation parameters (see §3). This can be seen visually in Figures 3 through 17 , where we have marked with asterisks stars with DAOPHOT SHARP values greater than 0.5 -which indicates a broad PSF. These stars are found almost exclusively in the burned-in cores of the clusters.
The effect of blends on the UVOT photometry is complicated, raising the measured count rate but also increasing the coincidence loss. It is impossible to remove their contribution without making a priori assumptions about the variable stars or their unresolved companions. We include these stars in the compilation but caution that their uvm2 mag-nitudes and A uvm2 amplitudes are not reliable and should be excluded from any global analysis of the variable stars.
For completeness, our tables include mean magnitudes, variability and SHARP values for stars which we have matched to the C01 catalog but are unable to fit a period. This includes stars that C01 classify as non-variable. However, these stars are only included if the SHARP value is less than 0.5. Stars with SHARP values greater than 0.5 may be blends and are much more likely to be have been misidentified or have their pulsations drowned in the light of nearby star. 
Comparison to Previous Investigations
Of the 290 variable stars and variable star candidates listed in C01 for M 3, we crossidentify 217 to our UVOT data. Of these, we were able to fit periods to 201. Figure 18 compares the periods derived in this study of M 3 against those compiled in C01. As can be seen, the periods line up almost exactly, with 174 of the 201 comparisons being within .0001 days and 190 being within .001 days. Of the stars that have substantial differences in periods: 1. V79 and V99 have periods of 0.3581 and 0.3609 days, respectively, in C01. Our analysis finds periods of 0.4833 and 0.48222 days, respectively. Both are listed as double-mode pulsators, however and it is likely that we have measured the fundamental mode. This would be consistent with a mode ratio of 0.74-0.75 (Popielski et al. 2000) .
2. V162 is listed in C01 as a non-variable star that is part of a triple system. It does show periodicity in our data (although the variability is low and the SHARP value high). We list it among the RR Lyrae stars but note that it is probably a blended multiple star system with at least one component having RR Lyrae-like pulsations. Because of its high SHARP value, it is excluded from our analysis.
3. V217 is listed in C01 as an RR Lyrae variable with no period given. Although the object has moderate variability and a high SHARP value, we do find a periodicity of 0.528 days with an RRab shaped light curve. Of the 16 stars we match to C01 but are unable to fit periods to, none have a variability index greater than 3.0. Of these stars:
1. Six stars listed in C01 as nonvariable are confirmed as non-variable by our data.
2. Six stars listed in C01 as SX Phoenicis stars are measured as non-variable in our data. SX Phoenicis stars tend to be faint with rapid pulsations and small amplitudes. Our data are not optimized for their detection so it is not surprising that we can not confirm their variation. The only SX Phoenicis star we do confirm -V291 -has a large amplitude and was identified by a priori knowledge of the period.
3. V138, listed by C01 as a semi-regular variable, shows little variation in our data, with a dispersion of only 1.1 times the formal scatter. This is not surprising as these stars are very faint in the UV. 4. V287, which C01 are unable to classify, shows little variation in our data, with a dispersion of only 1.6 times the formal scatter 5. V290, listed in C01 as a double-mode RR Lyrae, shows no clear minimum in the phase dispersion diagram. It is possible our analysis is being confounded by the double mode.
6. V296, listed by C01 as an eclipsing binary with a period of .446 days, shows no clear minimum in the phase dispersion diagram. It does have a weak minimum on .377 day cycle.
We identify one potential new variable star in M 3 -marked as V300 in Table 2 . This star shows significant variation over the course of the observing campaign with a very crude period of 253 days (see Figure 12 ). We note, however, that our data span just over one pulsation cycle and show multiple minima in the 200-250 day range as well as in other ranges of periodicity. If this is indeed a real variable, it could be pulsating on a much more Of the 182 variable stars and variable star candidates identified by C01 in M 15, we are able to identify counterparts to 85. Of these, we were able to fit periods to 77. Figure  19 compares the periods derived in this study of M 15 against those compiled in C01. As can be seen, the periods line up almost exactly, with 47 of the 77 comparisons being within .0001 days and 68 being within .001 days. The only star which has a significant difference in period is V34. This star is listed by C08 as a possible eclipsing binary with a period of 1.1591 days and shows a somewhat irregular light curve. We find a period of 2.037 days and show a sawtooth pattern to the light curve, which indicates that this could be an anomalous Cepheid. We also identify one new RRc star, which we label V182.
Of the eight stars we match to C01 but are unable to fit periods to, none have a variability index greater than 3.0, Of these stars:
1. Five stars listed in C01 as of uncertain nature (V122, V123, V124, V126 and V127) show up as non-variable in our data. We note that these stars are faint and have small amplitudes.
2. V27 is listed as non-variable and we confirm this, measure a dispersion of 1.33 times the formal error. 3. Analysis Figure 20 compares the uvm2 amplitudes with SHARP values less than 0.5 to the Vband amplitudes compiled in C01 (top). The top panel shows 130 RR Lyrae variable stars in M3 while the bottom shows 58 from M15. As can be seen, the pulsational amplitudes in the UV are substantially larger, with an average A uvm2 /A V ratio of 1.84±0.41 in M3 and 1.70±0.46 in M15. The large NUV amplitudes are expected, given both previous investigations and the astrophysical properties of RR Lyrae stars, which pulsate over a temperature range where the UV flux can increase dramatically. This ratio appears to be constant with pulsational period. Figure 21 shows the uvm2 Bailey (1919) diagram for both clusters. Large diamonds mark the known double-mode pulsators in M 3 while large squares mark those in M 15. The familiar loci of RRab stars (the diagonal sequences at long periods) and RRc stars (the relatively flatter trend at shorter periods) are plainly visible. We have overlayed fits to the trends of stars in M 3 (solid) and M 15 (dashed) to draw the eye to these sequences. The comparison between M 3 and M 15 provides an excellent illustration of the Oosterhoff effect. Compared to the RR Lyrae stars in M 3, those of M 15 are at longer periods, in both fundamental and first overtone. M 15 also shows a much larger proportion of first overtone pulsators.
RR Lyrae Star Pulsational Properties
Both clusters' RRab stars follow a linear log P -A uvm2 sequence, although M 15's RRab show a much shallower slope. There have been indications that the RRab locus is slightly curved, but we do not show this clearly in our data. Interestingly, the RRc stars show a rough diagonal sequence or possibly even a parabola. This has been hinted at before in RR Lyrae data (see, for example, the compilation of Bailey diagrams in Smith et al. 2011) and has been predicted based on theoretical models (see, e.g. Bono et al. 1997) . In this scenario, pulsational amplitude linearly tracks temperature for fundamental pulsators but tracks it non-linearly for first overtone pulsators, creating the parabola shape. M 3's RRc log P -A uvm2 sequence is consistent with a parabola. However, the RRc stars would also be consistent with a linear slope or a constant value. By constrast, M 15's more numerous RRc stars show a distinct parabola shape, with a log P -A uvm2 sequence that is not consistent with either a linear slope or a flat trend. This suggests that NUV surveys of other clusters, especially OoII clusters, could provide a unique test of theoretical models of first overtone pulsators.
One of the fundamental measures used to study RRab stars is period shift -the displacement of RRab stars to longer periods at equal amplitudes in comparison to a reference population (Sandage 1982a (Sandage , 1982b Carney et al. 1992) . Star of equal amplitude have similar effective temperatures (Sandage et al. 1981 ) so an increase in period at a fixed amplitude is likely due to increased luminosity, according to the pulsation equation of van Albada & Baker (1971) . The period shift is postulated to arise from differences in metallicity (see, e.g., Fig. 12.-uvm2 light curve for a possible long-term or irregular variable discovered in M 3. Sandage et al. 1981 ) although other studies have indicated that Oosterhoff type can play a critical role (see, e.g., Bono et al. 2007) . A fuller discussion of this debate can be found in Smith et al. (2011) .
M 3 is the usual reference population used to measure period shift. We define the fundamental RRab sequence in UVOT magnitudes as:
The slope of this relation between amplitude and period is steeper in uvm2 compared to optical passbands (see, e.g., Siegel & Majewski 2000 , where the period shift slope for M 3 is calculated as 7.75 and 6.41 in the B and V bands, respectively). This confirms that the uvm2 amplitudes are more sensitive to pulsational period (and thus, effective temperature) than the optical passbands.
We define the period shift from this relation as: ∆ log P = −(0.0460 + 0.113A uvm2 + log P ) Figure 22 shows the period-shift of the RRab stars in both clusters. The M3 RRab stars cluster around the origin with a median ∆ log P of 0.000, which is expected since they define the period shift. The M15 RRab stars show a median period shift of -0.008, although it is weaker for the shorter-period stars (as hinted at by the shallower slope of the RRab sequence in Figure 21 ). This confirms that the period shift seen in Figure 21 is real but suggests that further investigation is warranted to confirm that the period-shift separation between OoI and OoII is as clean in the NUV as it is in the optical passbands.
RR Lyrae Star Temperatures and Surface Gravities
The physical properties of the RR Lyrae stars in M 3 and M 15 have been explored in exhaustive detail by previous investigations. We do wish to revisit one aspect of the RR Lyrae stars to highlight something unique in the NUV data: a strong sensitivity to both temperature and surface gravity.
There are a variety of diagnostics that can measure the temperatures of RR Lyrae stars. CCC05 list six different methods that they use to measure temperatures for 133 RR Lyrae variable stars in M 3, providing a very through investigation of RR Lyrae star temperatures. Figure 23 compares the temperatures CCC05 calculate from B − V photometry and the temperature scale of Sekiguchi & Fukugita (2000) to three different photometric indices: the B − V colors used in that study and uvm2 − B and uvm2 − V indices derived by combining our photometry with that of CCC05. We attempted a comparison to UVOT colors but the uvw1 and uvw2 passbands had too few observations to derive useful mean magnitudes for the RR Lyrae.
Overlaid on the panels are predicted theoretical colors as a function of T ef f for a range of surface gravities. The theoretical colors were derived from the models of Castelli & Kurucz (2003) using a metallicity of [Fe/H]=-1.5, an α-abundance of [α/F e]=+0.4 and microturbulent velocity of v turb = 2.0 km s −1 . The theoretical magnitudes were corrected for reddening of E(B − V ) = 0.01, using the non-linear corrections for the uvm2 photometry discussed in the Appendix of Paper I.
The top panel of Figure 23 shows the CCC05 colors compared to the theoretical temperatures. They obviously track well, given that the latter was derived from the former. Note, that the broadband photometry is relatively insensitive to the surface gravity. The lines for log g values from 2.0 to 3.5 bunch very closely together.
The two lower panels of Figure 23 show the combination of CCC05 photometry and uvm2 photometry. These hybrid UV-optical colors are far more sensitive to the surface gravity. This is expected, given that the combination of optical and UV filters straddles the Balmer jump, the strength of which is highly sensitive to surface gravity in moderate to hot stars. We see that that while the cooler stars have inferred surface gravities in the range of log g 2.0 to 2.5, the hotter stars have surface gravities of nearly 3.0. This is roughly consistent with both observational data and theoretical expectations. CCC05 calculate log g from the equation of stellar structure and show a steady increase with effective temperature from log g ∼ 2.7 to log g ∼ 3.0. We generated a synthetic horizontal branch for M 3 using the online tool of Dotter et al. (2008) and assuming [Fe/H]=-1.5, [α/Fe]=+0.2 and an average mass of 0.8 M ⊙ . The model shows surface gravity gradually increasing with temperature over the range of RR Lyrae stars from log g = 2.67 at log(T ef f ) = 3.78 to log g = 3.11 at log(T ef f ) = 3.88.
Our analysis shows the cooler RRab stars having slightly lower surface gravities than expected by about 0.5 dex. This is likely due to our use of intensity-weighted mean magnitudes which are, at best, an approximation of the static color an RR Lyrae star would have if it were not pulsating. Bono et al. (1995) showed that colors derived from intensity weighted magnitudes are systematically offset from the static-star colors, owing to the effect of increasing amplitude. They compile a table of corrections to be applied to B −V colors for fundamental and first overtone colors. It is not clear how these would scale to the UV and deriving these corrections is beyond the scope of the current study. However, the discrepancy between the models and the data in Figure 23 indicates that this correction is likely to be significant (several tenths of a magnitude) and that further investigation is critical if we are to derive fundamental stellar parameters from NUV-optical photometry.
The dual sensitivity of the NUV photometry to both temperature and surface gravity provides a unique window into the astrophysics of pulsating stars. By comparing an index that is not sensitive to surface gravity (such as B − V ) to one that is (uvm2 − B or uvm2−V ), we can simultaneously measure both properties from photometry alone. Our M 3 results demonstrate that this can be done and that is it roughly consistent with theoretical expectations and previous observational analysis. This will be a powerful tool for future investigations into other populations of RR Lyrae stars.
RR Lyrae Star Period-Luminosity Relationship
The diagonal HB seen in Figures 1 and 2 would suggest a potential period-luminosity relationship for RR Lyrae stars in the NUV. The top panel of figure 24 shows the periodmagnitude relation for both clusters and appears to confirm this supposition. The stars follow a sequence of increasing magnitude with period for both populations.
Two of M 3's stars are substantially brighter than the period-luminosity relationship by more than half a magnitude. This might suggest they are foreground or evolved objects but their V and B magnitudes in C01 are well within the primary sequence. Although their SHARP values are below 0.5, they are slightly high (∼ 0.3) and their amplitudes are a bit low compared to stars of similar period. This suggests they may be blends. Removing these two stars for consideration, we find a linear fit to the period-magnitude sequence of: uvm2 = 18.06 + 2.41× log P Correcting for the distance modulus and reddening listed in Harris (1996) yields: M uvm2 = 2.93 + 2.41× log P M 15 has five stars that are outliers by more than half a magnitude on the periodluminosity relationship, all of which have elevated SHARP values (0.22-0.43). Removing these from the fit yields: uvm2 = 18.18 + 1.42× log P Correcting for the distance modulus and reddening listed in Harris (1996) yields:
The bottom panel of Figure 24 shows the stars from both M 3 and M 15, corrected for the distances modulus and foreground reddening values listed in Harris (1996) . As can be seen, the RR Lyrae in M 15 are brighter than those of comparable period in M3. There is some scatter and non-linearity in the comparison, with the coolest RRab stars being almost half a magnitude brighter while the hottest RRc stars are a few tenths of a magnitude brighter (as implied by the different slopes in the period-magnitude relations of the two clusters). The difference is dependent on the assumed reddening (for most of the RR Lyrae temperature range, the extinction in uvm2 is greater than 8.0). However, even modulo reddening, this comparison suggests that the NUV period-luminosity relationship has a strong metallicity dependence, far stronger than is seen in the IR, where the metallicity dependence is a few hundredths of a magnitude to a few tenths of a magnitude (Bono et al. 2001; Sollima et al. 2006; Muraveva et al. 2015) . Alternatively, the different slope in the period-magnitude relationships could indicate that the relationship changes depending on Oosterhoff type.
As simple fit with a cross-term to these two trends yields the relation:
M uvm2 = 4.103 + 0.782 [Fe/H] + 4.117 log P + 1.138 log P [Fe/H] confirming both the strong metallicity dependence and the non-linearity. However, this "fit" is based on two clusters. Many more clusters are needed to determine if the periodmagnitude-metallicity relationship varies smoothly with metallicity or is different for the different Oosterhooff classifications. It would also be useful to study objects that have a range of metallicities, such as the Magellanic Clouds or Omega Centauri, so that distance and reddening differences can be minimized. The most robust evaluation would come from studying RR Lyrae with trigonometric parallaxes, such as those expected to emerge from the GAIA mission.
Conclusions
We have presented the first thorough investigation into the NUV pulsational properties of variable stars in the well-studied globular clusters M 3 and M 15. We cross-identify and fit periods to 201 variable stars in M 3 and 85 in M 15. Of these 286 stars, 282 are RR Lyrae stars. The remainder are three Cepheids and one SX Phoenicis star. We identify one potential new variable in M 3 and one new RRc star in M 15.
We find that the RR Lyrae stars have, as expected, very large NUV amplitudes compared to the optical and infrared, with value ranging up to 2.7 magnitudes. We find that the RR Lyrae conform to the same paradigms established in the optical, exhibiting a clear Oosterhoff effect, a period shift between M 3 and M 15 and a correlation between temperature and pulsational amplitude. We show that the combination of NUV and optical data shows remarkable sensitivity to both the temperature and surface gravity of the RR Lyrae stars, although our comparison to the Kurucz models underestimates the surface gravity of the cooler RRab stars likely due to the effect of the large amplitudes on the intensity-weighted uvm2 − B and uvm2 − V colors. 
